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1  | INTRODUC TION
1.1 | Problem description
Surgical	 site	 infections	 (SSIs)	are	a	preventable	cause	of	morbidity	





ing	adequate	 inhibitory	antimicrobial	plasma	and	 tissue	 levels	dur-
ing	surgery	depends	not	just	on	the	initial	dose,	but	also	on	repeat	
dosing.1,5	Though	no	randomized	control	trials	have	investigated	the	
impact	of	 redosing	on	the	 incidence	of	SSIs,	procedure	 length	has	
been	identified	as	an	independent	risk	factor	for	developing	SSIs.3,6,7 









laxis	were	 updated	 in	 2013	 by	 the	AHSP.5 Traditional educational 
interventions,	 such	 as	 email	 correspondence	 or	 announcements,	





















2  | MATERIAL S AND METHODS
2.1 | Context
After	the	Institutional	Review	Board	approved	a	waiver	for	this	im-
provement	 project,	 it	 was	 initiated	 by	 an	 interdisciplinary	 quality	





Inclusion	 criteria	 were	 those	 patients	 who	 underwent	 proce-
dures	at	 least	2	hours	 in	duration	and	 received	at	 least	one	 intra-












After	 the	 AHSP	 guidelines	 were	 updated	 in	 2013,	 our	 Antibiotic	
Stewardship	Committee	updated	 institutional	 guidelines,	 including	
a	change	in	cefazolin	dose	from	20	to	30	mg/kg	in	May	2015.	While	
the	AHSP	 guidelines	 suggest	 redosing	 of	 cefazolin	 every	 4	 hours,	
our	 Antibiotic	 Stewardship	 Committee	 recommended	 redosing	
every	3	hours	due	to	cefazolin	half‐life	of	1.2‐2.2	hours	to	comply	
with	the	recommendation	to	redose	every	one	to	two	half‐lives	of	
What is already known
•	 Maintaining	a	 therapeutic	plasma	 level	of	prophylactic	
antibiotics	throughout	surgical	procedures	is	important	
for	 prevention	 of	 surgical	 site	 infections	 in	 pediatric	
patients.
•	 Given	 evolving	 antibiotic	 redosing	 recommendations,	
traditional	methods	for	ensuring	reliable	intraoperative	
redose	compliance	may	be	ineffective.
What this article adds
•	 Countermeasures	 integrated	 into	 the	 electronic	 anes-
thesia	record	are	effective	in	improving	pediatric	anes-
thesiologists’	 compliance	 with	 institutional	 guidelines	
for	redosing	of	surgical	prophylactic	antibiotics.
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an	antibiotic	and	the	evidence	that	SSI	rates	are	significantly	higher	
when	 a	 single	 dose	 is	 used	 for	 procedures	 longer	 than	3	hours	 in	
duration.3,5	Current	state	analysis	revealed	high	compliance	of	ap-
propriate	 initial	 preoperative	dose	and	 timing	due	 to	utilization	of	
electronic	order	entry	and	pharmacist	preparation.9	However,	intra-







Electronic	 countermeasures	 based	 on	 the	 EMR	 optimization	 key	
driver	 included	 the	 following:	 (a)	An	electronic	 reminder	displayed	
on	the	left	side	of	the	anesthesia	record	with	the	name	of	the	last	
antibiotic	 administered	 and	 time	 due	 of	 the	 next	 antibiotic	 dose	
based	 on	 the	 revised	 redosing	 guidelines	 (Figure	 2A);	 (b)	 another	








Physical	 countermeasures	 based	 on	 the	 point‐of‐care	 physical	
reference	guidelines	key	driver	 included	the	following:	 (a)	distribu-
tion	 of	 antibiotic	 redose	 guideline	 badge	 cards	 to	 anesthesia	 pro-
viders,	(b)	posting	of	redosing	guidelines	on	the	operating	room	wall	
behind	 the	 anesthesia	 supply	 cart,	 and	 (c)	 updating	 the	 hospital's	




Point of care physical 
reference guidelines
Reliable process measure 
of compliance
Intervenons
Pop up redosing alert with link to guidelines
Calculated mg/kg and total dose under medicaon tab
Connuous displayed message of me of last anbioc 
administered in right paent info column
Time of next anbioc dose and frequency in le reminder column
Physician badge with guidelines
Guidelines posted in operang room
Updated hospital anmicrobial housestaff manual
Presented new guidelines at anesthesia and pharmacy division 
meengs
Developed electronic EMR query for data acquision







































appropriate	 time	 and	 then	 for	weight‐based	dose.	 Secondary	out-
comes	examined	were	(a)	time	compliance	only,	(b)	dose	compliance	
only,	and	 (c)	 compliance	between	 redoses	after	 the	 first	dose	was	
ordered	via	electronic	order	entry	compared	to	those	administered	
after	 verbal	 order	 between	 surgeon	 and	 anesthesiologist.	We	 set	
a	goal	of	 achieving	and	maintaining	70%	compliance	 for	 antibiotic	
redoses.
2.3 | Analysis
A	 SPC	 chart	 was	 used	 to	 display	 compliance	 of	 antibiotic	 redose	
administration	 time	 and	 dose	 for	 all	 cases	 by	month.	Center	 lines	










of	 five	consecutive	points	 that	 fall	beyond	one	standard	deviation	
on	 the	 same	 side	 of	 the	 centerline	 are	 not	 due	 to	 common	 cause	
variation;	and	Rule	4—nine	consecutive	points	that	fall	on	the	same	
side	of	the	centerline	are	not	due	to	common	cause	variation.	Data	
were	 collected	 and	 analyzed	using	Microsoft	Excel,	 and	 statistical	
analyses	 were	 performed	 using	 R	 version	 3.4.3.	 Chi‐square	 tests	
were	used	to	determine	statistical	significance	of	group	differences,	
with	P	<	0.05	considered	statistically	significant.	The	pre‐interven-
tion	 group	 was	 comprised	 of	 cases	 between	 May	 2014	 through	









operative	medications	 prior	 to	 administration,	 and	 that	 this	 could	
result	in	potential	harm.
3  | RESULTS






the	 same	 class,	 and	 two	procedures	 lacked	 a	 start	 or	 end	 time),	
2338	out	of	17	735	cases	(13%)	were	included	in	the	analysis	and	
there	were	2952	antibiotic	 redoses	administered	 in	 the	 included	
cases.
3.1 | Primary Aim
3.1.1 | Overall antibiotic redose compliance
Mean	 percentage	 monthly	 compliance	 with	 antibiotic	 redosing	 at	
both	 the	 correct	 time	 and	 correct	 dose	 is	 represented	 by	 the	 CL	
(Figure	 3).	 The	 mean	 compliance	 began	 at	 4.3%	 (May	 2014‐April	
2015)	and	rose	to	73%,	with	the	establishment	of	a	new	CL	(CL	#3,	
November	 2015‐October	 2017),	P	 <	 0.001,	 surpassing	 our	 short‐
term	target	of	70%	of	antibiotic	 redoses	given	at	 the	correct	 time	
and	correct	dose.
3.2 | Secondary Aims 1 and 2
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and	 time	 compliance	 for	 any	 antibiotic	 redose,	 regardless	 of	 dose	
administered,	increased	from	4.9%	(CL	#1)	to	82%	(CL	#3),	P < 0.001 
(Figure	4A,	4B).
3.3 | Secondary Aim 3
3.3.1 | Electronic vs verbal order compliance
For	1362	redoses,	an	electronic	order	was	placed	prior	to	the	opera-
tion	by	the	surgeon	for	the	 initial	antibiotic	dose	to	be	prepared	by	
the	 pharmacist.	 The	 remaining	 1590	 redoses	were	 administered	 to	
patients	after	the	surgeon	verbally	gave	the	order	to	the	anesthesi-
ologist.	 Pre‐intervention,	 prior	 to	 July	 2015,	 electronic	 order	 entry	
was	associated	with	significantly	higher	compliance	for	time	and	dose	
combined,	time	only,	and	dose	only,	P	<	0.05.	Postintervention,	elec-














ard	workflow,	we	 successfully	 created	 a	 process	 that	 did	 not	 just	





also	 examined	 intraoperative	 compliance	 independently.	 Timing	
of	redoses	had	a	 larger	 increase	 in	compliance,	 likely	due	to	the	
electronic	and	physical	countermeasures	described.	The	weight‐
based	 dose	 compliance	 increased	 significantly	 but	 without	 the	












able	with	 appropriate	 antibiotic	prophylaxis,	 optimization	of	 intra-
operative	antibiotic	redosing	has	the	potential	to	reduce	morbidity	
and mortality.3,10,13,14	 Although	 duration	 of	 surgery	 greater	 than	












Antibiotic Dose (mg/kg) Max dose Age‐based OR redose
Ampicillin 50 2	g <14	d	OR	<2	kg:	6	h
>15	d	AND	>2	kg:	3	hrs
Ampicillin‐Sulbactam 50 2	g <1	mo:	contact	pharmacy
>1	mo:	3	h
Cefazolin 30 <120	kg:	2	g <7	d	OR	<2	kg:	6	h
>120	kg:	3	g >7	d	AND	>2	kg:	3	h
Cefotaxime 50 2	g <7	d	OR	<2	kg:	8	h
>7	d	AND	2	kg:	6	h
>1	mo:	3	h
Cefoxitin 40 2	g <1	mo:	3	h
>1	mo:	2	h
Clindamycin <1 mo: 5 900	mg <7	d	OR	<2	kg:	12	h
>1 mo: 10 >7	d	OR	>2	kg:	6	h




















initiative	 is	 full	 compliance.	 Future	 efforts	 will	 seek	 to	 determine	
unknown	barriers	to	achieving	full	compliance	and	could	explore	an	
association	between	low	plasma	levels	of	antibiotic	with	 increased	
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Anbioc Redose Compliance (Dose & Time) by Month
Data Process Mean Target UCL LCL
CL #1 = 4.3
CL #2 = 59
CL #3 = 73
























































Anbioc Redose Compliance (Dose Only) by Month
Data Process Mean Target UCL LCL
CL #2 = 85
CL #3 = 89























































Anbioc Redose Compliance (Time Only) by Month
Data Process Mean Target UCL LCL
CL #2= 68 CL #3 = 82
CL #1 = 4.9
(A) (B)
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